RhoA in these in vitro assays suggested that 5 nM ARAP3 could stimulate the GTPase activity of 10 nM 1 Inositide Laboratory The Babraham Institute GTP-RhoA approximately 3-fold (not shown). While such a high enzyme to substrate ratio is not unusual in these Cambridge CB2 4AT United Kingdom types of assays, to confirm the ability of ARAP3 to act as a RhoA GAP in vivo, we performed "pull-down" assays 2 MRC Laboratory of Molecular Biology Hills Road ( Figure 1B ) from Sf9 cells expressing Rac1 or RhoA alone or together with ARAP3. Figure 1B shows that Cambridge CB2 2QH United Kingdom relatively low amounts of ARAP3 were sufficient to cause a significant decrease in the amount of RhoA-GTP in the Sf9 cells lysates, while Rac1-GTP levels were not affected by the presence of larger amounts of ARAP3.
P]GTP preloaded GST-fusion vitro by the direct binding of Rap [6] proteins to a proteins of several Ras family members. We detected neighbouring Ras binding domain (RBD). This activa-
an interaction with Rap1B and 2B and Rheb but not with tion by Rap is GTP dependent and specific for Rap H-Ras, R-Ras, TC21, M-Ras, or RalA ( Figure 2B ). All versus other Ras family members. We found no evianalyzed Ras family members interacted with the Raf dence for direct regulation of ARAP3's Rho GAP ackinase RBD but not with the Rac/Cdc42 binding domain tivity by PtdIns(3,4,5)P 3 in vitro, but PI3K activity was of PAK (PAK CRIB). To map binding of Rap-GTP to required for activation by Rap in a cellular context, ARAP3's putative RBD, a three-dimensional model of suggesting that PtdIns(3,4,5)P 3 -dependent translothe ARAP3 RBD was constructed manually based on cation of ARAP3 to the plasma membrane may be the structures of the complex of p110␥ PI3K with Ras required for further activation by Rap. Our results indi- [7] and the complex of the RalGDS RBD with Ras [8] . cate that ARAP3 is a Rap-effector that plays an imporThis suggested that Arg1155 would be central to the Rap tant role in mediating PI3K-dependent crosstalk bebinding interface of ARAP3. A R1155E point mutation tween Ras, Rho, and Arf family small GTPases.
indeed abolished the interaction between ARAP3 and Rap1B-GTP ( Figure 2B ). We conclude that the ARAP3 Results and Discussion RBD can interact with the small GTPases of the Rap family and also Rheb.
ARAP3 Is a GAP for RhoA
To investigate a regulatory role of Rap binding on We have previously shown that ARAP3 is a PtdIns(3,4,5) ARAP3's Rho GAP activity, we added GTP␥S-or P 3 -dependent Arf6 GAP and that it has a separate, func-GDP␤S-preloaded Ras family proteins to in vitro Rho tional Rho GAP domain [3] . To address the substrate GAP assays. While addition of GTP␥S-Rap1B or Rap2B specificity of this Rho GAP domain in vitro, we perreproducibly increased ARAP3 Rho GAP activity 2-fold, formed Rho GAP assays under conditions of limiting GDP␤S-Rap1B had no effect on ARAP3 Rho GAP activsubstrate concentration. The substrates were [␥-32 P]GTP ity ( Figure 2C and data not shown). Adding GTP␥S-or preloaded recombinant GST-RhoA, Rac, or Cdc42 fu-GDP␤S-preloaded H-Ras, R-Ras, M-Ras, TC21, or RalA sion proteins. Figure 1A shows that ARAP3 is a potent did not affect ARAP3 Rho GAP activity ( Figure S2A and GAP for RhoA, while it is much less effective on either not shown). Perhaps surprisingly, despite being able to Rac or Cdc42. To further define the substrate specificity interact with ARAP3, GTP␥S-Rheb had only a negligible of ARAP3's Rho GAP activity, we also performed Rho stimulatory effect on ARAP3 Rho GAP activity ( 
Rho family members by Ras family members via GAPs.
Since a possible Rap GAP activity of ARAP3 could have confounded our interpretation of the RhoGAP
We have seen that PtdIns(3,4,5)P 3 is essential for ARAP3's Arf6 GAP activity and drives a plasma memassay, we performed some Rap GAP assays. These showed that ARAP3 is not a Rap GAP (not shown).
brane recruitment of GFP-ARAP3 in pig aortic endothe- Figure 3A) ; Rap by itself did not affect the amount of Rho-GTP found in the Sf9 cell lysates (Figure S3 ).
To address a potential involvement of PI3K in ARAP3's Rho GAP activity in vivo, we expressed p110␥ together with ARAP3 and Rho in Sf9 cells. We previously showed that expression of p110␥ in this context substantially elevates PtdIns(3,4,5)P 3 [10] . Contrasting our in vitro observations, we detected a substantial activation of ARAP3 Rho GAP activity in the presence of elevated PtdIns(3,4,5)P 3 ( Figure 3A) . By itself, p110␥ had no effect on Rho-GTP levels (not shown). In experiments where ARAP3, p110␥, and Rap levels were so low that only a minor effect of any two on ARAP3 GAP activity was detected, they had an additive effect (not shown).
To determine whether the effect of Rap on ARAP3's Rho GAP activity was mediated by a direct interaction in vivo, we expressed Rho, Rap, and the R1155E ARAP3 point mutant and performed further Rho-GTP pulldowns. R1155E ARAP3 was not activated by Rap as a Rho GAP, but it was significantly activated by p110␥ 
